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ABSTRACT
This research aims to evaluate the α-amylase inhibitory activity and antioxidant potential of leaves 
extract of Gandaria (Bouea macrophylla Griff.), Basil (Ocimum africanum Lour.), Pohpohan (Pilea 
melastomoides (Poir.) Wedd.), and Lettuce (Lactuca sativa L.) as common vegetables used in Sundanese 
traditional salad. Extraction methods used were traditional and maceration methods. Phytochemical 
screening was used to determine the phytochemical component qualitatively. Quantitative estimation 
of phenols (Folin-Ciocalteu method), flavonoids (AlCl3 colorimetric assay), total antioxidant activity 
along with  free radical scavenging activity (DPPH) was also carried out. Soluble starch was used as 
substrate for analysis of α-amylase inhibitory activity, which is calculated by IC50 value. Phytochemical 
screening revealed the presence of phytochemical constituents like flavonoids, tannins, saponins, and 
polyphenols compound in both extraction methods. The results showed that the value of Total Phenolic 
Content (TPC), Total Flavonoid Content (TFC), antioxidant activity, and α-amylase inhibitory in both 
extraction were significantly different for each leaves extracts (p<0.05). The gandaria leaves extracted 
with maceration method had the highest value among the leaves analysed. The value of  TPC, TFC, 
antioxidant activity were 364.56±65.97 mg Gallic Acid Equivalent (GAE)/g extract, 70.2±10.54 mg 
Quercetin (QE)/g extract, and 35 µg/ml of IC50, respectively. The extract of gandaria maceration 
leaves exhibited significant α-amylase inhibitory activity with an IC50 value of 60 µg/ml. Various 
pharmacologically active compounds were found in the local vegetables, thus they can be rich sources of 
antioxidants and α-amylase inhibitor activity. Hence, could be developed as vegetables based functional 
food products.
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INTRODUCTION
Diabetes mellitus is one of the diseases 
associated  with an increased production 
of Reactive Oxygen Species (ROS) and 
impaired antioxidant defense system which 
result in oxidative damage (Kundusen et al. 
2011). Diabetes mellitus is also characterized 
by hyperglycemia with disturbances of 
carbohydrate, lipid, and protein metabolism 
resulting from defect in insulin secretion and/
or insulin action (Keerthana et al. 2013). Thus 
reducing the postprandial hyperglycemia to 
lower glucose absorption using inhibitors of 
carbohydrate digesting enzymes is important 
(Bhuvaneshwari et al. 2014). The α-amylase 
is an enzyme to break down starch into simple 
sugars, such as dextrin, maltotriosa, maltose, 
and glucose. Inhibiting the activity of α-amylase 
enzyme is an effective method to control blood 
glucose (Alexander & Maltodextrins 1992). 
Bioactive components found in herbal plants 
have shown good antioxidant and anti-diabetic 
properties (Kunyanga et al. 2012). As a bioactive 
compound, phytochemicals components such as 
tannins, phenols, and flavonoids have potential as 
inhibitors of the α-amylase enzyme (Keerthana et 
al. 2013).
Blood glucose can be controlled by 
maintaining diet or dietary behavior, regular 
physical activity, maintaining body weight, and 
consuming vegetables that can help regulate blood 
glucose concentration effectively (Prabhakar & 
Doble 2008). Lalapan (Sundanese traditional 
salad) is a raw and fresh vegetable dish commonly 
consumed by Sundanese in their daily meal. 
Pratama (2014), identified that the most common 
vegetables served as part of this traditional salad 
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were basil, pohpohan, and lettuce leaves. Another 
leave commonly consumed by Sundanese and 
is containing phytochemical compounds and 
health benefits is gandaria leaves (Lolaen et al. 
2013; Rajan & Bhat 2016). Previous research 
on antioxidant activity showed that the leaves of 
gandaria, basil, pohpohan, and lettuce have a high 
antioxidant activity (Andarwulan et al. 2010; 
Marwat et al. 2011; Gan & Azrina 2016; Andina 
& Musfirah 2017).
Considering the local availability and 
eating habit as well as findings on the potential 
health benefits of these leaves, it is important to 
explore the bioactive components potential for 
health. The result can inform the development 
of functional food based on locally available 
vegetables. The exploration of the leaves 
bioactive components should also consider the 
extraction method since the extraction method 
will affect the extracted compound. There are two 
extraction methods according to Verawati et al. 
(2016), they are the traditional and the laboratory 
or maceration methods. The traditional and the 
maceration methods are often used because they 
are relatively easy to conduct and do not require 
special tools. However, studies have shown that 
extraction processes using either the traditional or 
the maceration methods affected the total phenolic 
compound extracted from the leaves (Verawati et 
al. 2016). Therefore, it is imperative to identify 
the antioxidants and α-amylase inhibitory activity 
of the Sundanese traditional salad (Lalapan) using 
both the traditional and the maceration extraction 
method.
METHODS
Design, location, and time
This experimental study used a randomized 
block design. The research activities included 
sample extraction, phytochemical screening, 
analysis of phenol and flavonoid, antioxidant 
activity, and inhibition of α-amylase carried 
out in the Laboratory of Chemistry and Food 
Analysis, Department of Community Nutrition, 
IPB University, started from October–January 
2019.
Materials and tools   
The gandaria leaves was collected from 
Indonesia Institut of Science, Cibinong Bogor, 
while basil, pohpohan, and lettuce leaves 
were collected from Cigombong Agricultural 
Technology Park, Bogor. Specimens have 
been authenticated (No:2115a/IPH.1.01/
If.07/XII/2018) with the following results are 
Gandaria (Bouea macrophylla Griff.), Basil 
(Ocimum africanum Lour.), Pohpohan (Pilea 
melastomoides (Poir.) Wedd.), and Lettuce 
(Lactuca sativa L.).
Materials used for extraction and analysis 
were water for solvent, aquades, container, Wagner 
reagents, Liebermann-Burchard reagent, HCl, 
methanol, Mg, KOH, FeCl3, gallic acid, Folin-
Ciocalteu, Na
2
CO3, quercetin, AlCl3, NaNO2, 
NaOH, vitamin C, 1.1-diphenyl-2-picrylhydrazyl 
(DPPH), porcine pancreatic α-amylase enzyme 
concentration of 30 U/mg, 1% starch, phosphate 
buffer pH 6.9, 3.5-dinitrosalicylic solution 
(DNS), and potassium sodium tartrate. 
The tools used for extraction and analysis 
were analytical scale, knive, board, filter cloth, 
Whatman 41, Buchner, blender, centrifuge, hot 
plate, and vacuum evaporator, erlenmeyer, test 
tubes, micro pipet, cuvettes, vortice, water bath, 
and UV-VIS spectrophotometers (Shimadzu UV-
160A, Kyoto, Japan).
Data collection
Sample preparation and extraction of 
leaves material.  Sorted leaves were dried in shade 
at room temperature to choose the edible parts, 
leaves were washed in tap water and drained at 
room temperature, then leaves were chopped 
into small pieces to obtain a larger surface area. 
The extraction method used were traditional 
extraction and the maceration (laboratory). In the 
traditional extraction, samples were blended with 
water (1:10 w/v), then centrifuged at 2,000 rpm 
(5 minutes) and the extract was filtered through 
a Whatman 41 using Buchner, and evaporated 
using a hot plate to obtain the liquid extract 
(Aisyah et al. 2015 modification). While in the 
maceration method, the sample was placed in 
a container and soaked in water. The container 
with its contents was sealed and kept for 2x24 
hours with some stirring. Subsequently, the entire 
mixture then filtered by a filter cloth, then filtered 
again through Whatman 41 using Buchner. After 
filtration process, the macerate was evaporated at 
60oC (65 kPa) using vacuum evaporator to obtain 
the dry extract (Verawati et al. 2016 modification).
The evaporation process of traditional 
extracts aimed to make it easier to control the 
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concentration of the solution. Stock solution was 
done by weighing both extracts obtained from the 
two different method in the same amount. Thus, it 
was expected that the Total Dissolve solid (TDS) 
in the stock solution could be controlled despite 
the amount was not exactly the same due to the 
different sample form.
Phytochemical screening.  The extracts 
were analyzed for the active phyto-constituents 
such as alkaloids, flavonoids, tannin, saponin, 
polyphenols, and terpenoid according to 
Harborne (1987). Alkaloids were analyzed by 
dissolving 2 ml of sample in 2 ml of 2% HCl, 
then heated for 5 minutes and filtered. The filtrate 
was added by 2–3 drops of Wagner reagent. The 
formation of white deposits shows the presence of 
alkaloid compounds. Flavonoids were analyzed 
by dissolving 2 ml of sample in 2 ml of methanol, 
then added with Mg and 5 drops of 37% HCl. 
The formation of red or orange colour indicates 
the presence of flavonoids. Tanin was analyzed 
by adding 2 ml of sample with FeCl3 reagent. 
The formation of dark blue or blackish green 
colour indicates the presence of tannin. Saponin 
was analyzed by dissolving 2 ml of sampel in a 
test tube, 10 drops of KOH were added and then 
heated in a water bath (50oC) for 5 minutes and 
the solution was shaken for 15 minutes. The 
presence of a saponin is arranged with a steady 
foam and stable for 15 minutes. Polyphenols 
were analyzed by dissolving 2 ml of sample in 10 
ml distilled water and heated for 5 minutes, then 
filtered. The filtrate was added with 4–5 drops of 
FeCl3 5%. The formation of dark blue or blackish 
green colour indicates the presence of a phenols. 
Terpenoid was analyzed by adding 2 ml of sample 
with 1 ml of the Liberman-Burchard reagent. The 
formation of dark blue or blackish green colour 
indicates the presence of terpenoid compounds.
Estimation of total phenols.  One ml of the 
extract solution was mixed with 1 ml of Folin-
Ciocalteu reagent, then 1 ml of aqueous 10% 
Na
2
CO3 solution was added  and vortexed. The 
mixture were allowed to stand for 90 minutes 
at room temperature. Absorbance was measured 
using a spectrophotometer at 765 nm. The TPC 
was subsequently calculated using gallic acid as 
standard. Results obtained were expressed as mg 
GAE/g extract (Singleton & Rossi 1965).  
Estimation of total flavonoid.  One ml of 
the extract solution dissolved in aquades (1:4), 
added 60 µl of 5% NaNO
2
 solution (incubated for 
5 minutes), then added with 60 µl of 10% AlCl3 
solution (incubated for 6 minutes). After that, 
added with 400 µl of 10% NaOH solution and 
then prepared by aquades to 2 ml. The mixture 
then was vortexed. The absorbance was measured 
using a spectrophotometer at 510 nm. The TFC 
was calculated using quercetin as standard, and 
results obtained were expressed in term of QE/g 
extract (Sahu & Saxena 2013).
DPPH free radical-scavenging assay. 
Antioxidant activity were determined based on 
percentage inhibition of DPPH radical and used 
vitamin C as a standard. The results obtained are 
presented by the IC50 value (concentration of the 
sample required to inhibit 50% of radical). The 
lower of IC50 value indicates that antioxidant 
activity is getting higher (Molyneux 2004). 750 
µl of extracts solution at different concentrations 
(0.25; 0.5; 1; 2; 4 mg/ml) were added to 750 
µl of 0.2 mM  DPPH methanolic solution, the 
mixture was vortexed and left to stand in the 
dark for 30 minutes. Absorbance was measured 
at 517 nm. The percentage of inhibition of DPPH 
radical  was calculated according to the following 
equation:
whereas, Abs control is the absorbance of DPPH 
solution without leave extracts.
In-vitro α-amylase inhibitory assay.  The 
analysis of α-amylase inhibitory was conducted 
using the method described by Apostolidis et 
al. (2007) with slight modification. Acarbose 
as the pharmacological inhibitor was included 
as the positive control. Thirteen µl of extracts 
solution at different concentrations (0.078; 
0.156; 0.3125; 0.625; 1.25; 2.5; 5; 10 mg/ml) 
were added to 94 µl phosphate buffer (pH 6.9) 
containing α-amylase solution (30 U/mg). Then, 
63 µl of 1% soluble starch and 207 µl phosphate 
buffer (pH 6.9) were added to each tube at time 
intervals. The mixture was incubated at 37oC 
for 10 minutes. The reaction was stopped with a 
313 µl of DNS reagent. The test tube were then 
incubated at 100oC for 10 minutes and cooled 
to room temperature. The mixture was then 
diluted with 313 µl of 40% potassium-sodium 
tartrate. Absorbance was measured at 540 nm. 
The percentage of α-amylase inhibitory was 
calculated according to the following equation:
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whereas, Abs control is the absorbance of solvent 
without sample, Abs blank is the absorbance of 
solvent without enzyme.
Data analysis
Data processing used the Microsoft Excel 
2013 and Statistical Program Social Science 
(SPSS) version 16.0. Data analysis comprised of 
descriptive analysis, normality test, and different 
test. Different test were analyzed using Two Way 
ANOVA and Least Significance Differences 
(LSD) for differences of each samples (p<0.05). 
Results were expressed as the mean±standard 
deviation.
RESULT AND DISCUSSION
Phytochemical screening and quantification of 
secondary metabolite
Qualitative phytochemical screening was 
aimed to identify any chemical components with 
bioactive compounds in the plant extracts, which 
can be further utilized (Aharoni & Galili 2011). 
The qualitative analysis of the leaves extract 
confirmed the presence of flavonoids, tannins, 
saponins, and polyphenol compounds in both of 
the traditional and the maceration methods (Table 
1).
The results of phytochemical screening 
showed different result from previous research, 
such as for mango (Mangifera indica) that is in 
the same family as gandaria (Anacardiaceae), 
basil (O. basilicum), pohpohan (Pilea trinervia), 
and lettuce (Lactuca sativa) leaves. However it is 
important to note that the leaves species as well 
as the extraction method used in these research 
were varied (Adham 2015; Dhital 2017; Guntara 
et al. 2016; Algfri et al. 2019). Thus, difference 
in the phytochemical components found in this 
study might be caused by several factors such as 
differences in the extraction steps, the polarity 
of solvent, and the species of plant.  In addition, 
differences in the secondary metabolites 
component found in plants can be due to soil 
conditions where the plants are planted, such as 
soil moisture, water availability, temperature, 
pH, land conditions, and light intensity (Vinolina 
2014).
Phenolic compounds are the most widely 
distributed secondary metabolites and play 
an important role in growth regulators, have 
antioxidant, structural, attractant, signaling and 
protective functions (Babenko et al. 2019). The 
value of Total Phenolic Content (TPC) in both 
extraction methods were significantly different 
for each leaves extracts (p<0.05) (Figure 1). The 
results also showed that phenolic content also 
significantly different between each of leaves 
species, thus extraction methods and the leaves 
species affected the total phenolic content.
The results showed that gandaria leaves 
extract with maceration had the highest total 
phenolic content, followed by gandaria from 
traditional extraction, lettuce, basil, and pohpohan 
with maceration extraction. The leaves extracted 
with traditional method showed lower results of 
TPC compared to the maceration. This is probably 
that maceration extract was evaporated using a 
vacuum evaporator at 60oC (65 kPa), so the water 
content evaporates more than in the traditional 
evaporation using a hot plate. The final result 
of maceration is dry extract obtained by drying 
the liquid extract until specific concentration 
according to the procedure. Drying is the process 
for removing solvents from the material to obtain 
powder/dry extract, while traditional extraction 
Table 1. Phytochemical screening of leaves extract
Phytochemicals
Traditional Maceration
Gandaria Basil Pohpohan Lettuce Gandaria Basil Pohpohan Lettuce
Alkaloids - - - - - - - -
Flavonoids +++ ++ ++ ++ +++ ++ ++ ++
Tannin +++ ++ + + +++ ++ + +
Saponins + + ++ + + ++ +++ +
Polyphenols +++ ++ + + +++ ++ + +
Terpenoids - - - - - - - -
+ Present; - Absent
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is liquid extract so the concentration couldn’t be 
controlled properly (Martin et al. 1961). 
The evaporation process uses a vacuum so 
that it is good for food products that are sensitive 
to high temperatures. It can be processed to 
reduce their water content without damaging 
the physical condition and chemical content 
of the material (Supriatna 2008). In traditional 
extraction method, the extraction results were 
evaporated using a hot plate at 100oC without 
vacuum until the volume was reduced by 50% to 
get the liquid extract. While in the maceration, 
results were evaporated using an evaporator at 
60oC so that the possibility of losing the water 
soluble nutrients will be even lower and the 
average of water evaporated was 98.8% by 
vacuum to get dry extract.
Verawati et al. (2016) reported that the 
total phenolic content of piladang water leaves 
extract with traditional extraction method (S. 
scutellariides L. Codd), evaporated by hot plate 
showed lower results (77.31±0.21 mg GAE/g 
extract) compared to piladang maceration 
leaves extract (293.30±0.13 mg GAE/g extract). 
Difference in extraction method affected the 
extracted compound. Andina & Musfirah (2017) 
reported that the TFC of gandaria leaves extracted 
by maceration was 68.53±1.37 mg GAE/g extract 
equal to our findings with the same method. It 
showed that the extraction method in different 
process affects the secondary metabolites content. 
In addition to extracted methods, differences 
in soil conditions or growing environment of 
plants will also affect the content of chemical 
compounds in these plants. The results of 
secondary metabolite content will show different 
on the same plant type if these plants are planted 
in different places (Yenni 2012).
Flavonoids are antioxidant compounds 
and naturally produced as secondary metabolites 
in plants. The Total Flavonoid Content (TFC) in 
different extraction methods were significantly 
different for each leaves extracts (p<0.05) 
(Figure 2). The results also showed that flavonoid 
content also significantly different between each 
of the leaves extracts. It means that the extraction 
methods and leaves species affected the total 
flavonoid content of gandaria, basil, pohpohan, 
and lettuce leaves.
The maceration leaves extract contained 
higher TFC compared to the traditional leaves 
extract. The highest flavonoid content was found 
in gandaria from maceration method, followed 
by pohpohan, basil, and lettuce from maceration 
extracts. In contrast to the TPC, the gandaria 
traditional leaves extract showed was ranked 
fifth in TFC content. 
Dhital's research (2017) showed that 
mango leaves as a plant from the same family 
with gandaria (Anacardiaceae), contained 
flavonoids of 55.63 mg QE/g maceration extract. 
It means that Anacardiaceae family contains 
high flavonoids as antioxidants. Geographical 
location, time and climate differences, soil 
conditions, administration of pesticides or 
herbicides in plants are factors that can influence 
vegetable nutrients, antioxidants, and flavonoids 
(Andarwulan et al. 2010).
Overall, the TPC and TFC in maceration 
leaves extract had higher values than the 
traditional extraction. In the maceration method 
the sample or material to be extracted is soaked 
Figure 1. Total phenolic content of leave sextract. 
Different letters (a-b) for each leaves 
are significantly different (p<0.05)
Figure 2. Total flavonoid content of leaves extract. 
Different letters (a-b) for each leaves 
are significantly different (p<0.05)
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in a closed container using a solvent and allowed 
to remain at room temperature with an adequate 
agitation. This process aims to soften or break 
down the plant cell walls so that phytochemical 
compounds can dissolve in solvents. During 
the immersion process, the cell wall and cell 
membrane of the sample will break because of 
the different pressure between the inside and 
outside of the cell and the content of secondary 
metabolites in the cell plasma will be dissolved 
in the solvent. In addition, the time of maceration 
can be adjusted according to the research purpose 
thus able to yield better result (Ibrahim & 
Marham 2013).
The selection of solvents in the extraction 
process will also affect the effectiveness of the 
traceability based on solubility of natural material 
compounds in the solvent (Ibrahim and Marham 
2013). Solvents that have the same polarity as 
solutes dissolve the substance better. Water is 
one of the solvents that is often used in extraction 
processes with high polarity (Altemimi et al. 
2017). High polarity solvents will also attract 
phytochemical components that also have high 
polarity levels such as phenols and flavonoids 
(Harborne 1987; Robinson 1995; Stankovic 
2011).
The IC50 value of gandaria, basil, pohpohan, 
and lettuce leaves showed that all maceration 
leaves extracts had higher antioxidant activity 
compared to traditional leaves extracts, especially 
the gandaria leaves extract showed the highest 
value of antioxidant activity (Table 2). Vitamin 
C as a standard in this research had an IC50 value 
of 10 µg/ml. A low value of antioxidant activity 
could be caused by the content of bioactive 
components of each sample with different 
extraction, and crude extract without partitioning 
used in this research is probably cause antioxidant 
activity to be of low value (Rahman et al. 2017). 
Andina & Musfirah (2017) reported that the 
antioxidant activity of gandaria leaves extract 
with maceration was high in antioxidant activity 
(IC50 55.83 µg/ml). It means that gandaria showed 
the highest antioxidant potential. 
Our results showed that antioxidant activity 
in both extraction were significantly different 
for each leaves extracts (p<0.05). The results 
showed that antioxidant activity also significantly 
different between each of leaves extracts. It 
means that the extraction method and leaves 
affected the antioxidant activity of gandaria, 
basil, pohpohan, and lettuce leaves. Manggala et 
al. (2017) reported that the antioxidant activity 
of mango leaves extract with maceration method 
(Mangifera indica) was higher (IC50 5.09 µg/ml) 
compared to the extract from reflux method (IC50 
8.35 µg/ml).
Analysis of α-amylase inhibitory using 
acarbose as a positive control, showed very high 
inhibitory activity with IC50 value of 0.00045 
µg/ml. Our results showed that gandaria and 
basil leaves extract with maceration have high 
α-amylase inhibitory activity (IC50 60 and 70 µg/
ml) compared to other samples. Inhibitory action 
for α-amylase enzyme in both extraction were 
significantly different for each leaves extracts 
(p<0.05). The results showed that α-amylase 
inhibitory activity also significantly different 
between each of the leaves species extracts. It 
means that the extraction methods and leaves 
affect the inhibitory activity of gandaria, basil, 
pohpohan, and lettuce leaves. Hence, we found 
that the leave extract which showed the highest 
α-amylase inhibitory activity is the one that has 
the highest antioxidant activity, TPC, and TFC 
value. The extract was gandaria leaves with 
maceration extraction method (Table 3). 
Bhuvaneshwari et al. (2014) showed that 
mature and tender mango leaves extracted by 
reflux had an IC50 values of 22.01 and 35.73 µg/
ml, respectively. It showed that the Anacardiaceae 
family has very high of α-amylase inhibitory 
activity. El-Beshbishy and Bahashwan (2011) 
reported that the inhibitory activity of α-amylase 
enzyme in basil extract was indicated by IC50 
value of 42.50 mg/ml. The inhibitory activity is 
probably from the phenolic and flavonoid content 
of basil. Rahayuningsih (2014) reported that the 
Table 2.  Antioxidant activity of leaves extract
Leaves extract
IC50 (µg/ml)
Traditional Maceration
Vitamin C (10 µg/ml)**
Gandaria (B. macrophylla) 649a 35b
Basil (O. africanum) >2,000a 670b
Pohpohan (P. melastomoides) >2,000a 250b
Lettuce (L. sativa) >2,000a 183b
* Different letters (a-b) for each leaves are significantly different 
(p<0.05)
** Vitamin C as standar
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flavonoid content pohpohan (Pilea trinervia) 
leaves extract had an anti-hyperglycemia effect 
as indicated by glucose tolerance test in glucose 
induced diabetic rats. Lactucaxanthin (Lxn) of 
lettuce (Lactuca sativa) function as an inhibitor 
of carbohydrate digestive enzymes. Gopal et al 
(2017), reported that the inhibitory activity of the 
α-amylase enzyme from Lxn had an IC50 value of 
434.5 µg/ml.
Maintaining blood glucose levels 
effectively can be obtained from natural 
sources such as from the bioactive compounds 
in vegetables that can function as α-amylase 
inhibitor. Natural sources inhibitors, such as 
the one coming from the vegetables commonly 
consumed are highly recommended because they 
tend to not cause side effects when consumed 
(Tundis et al. 2010). In addition, Samudra et al. 
(2015) stated that secondary metabolites have 
high ability to inhibit the activity of the α-amylase 
enzyme compared to the primary metabolites.
Gu et al. (2015) stated that phenolic acids 
and flavonoids can inhibit the activity of the 
α-amylase enzyme. Phenolic acids and flavonoids 
will form covalent bonds with α-amylase into 
quinones or lactones and react with nucleophilic 
groups, this causes changes in the activity of the 
α-amylase enzyme (Tadera et al. 2006). Reaction 
of phenolic compounds and proteins be able to 
inhibit enzymatic activity including α-amylase 
enzymes (Yanishlieva-Maslarova 2001). 
Polyphenols will form complexes with starch so 
that the α-amylase enzyme cannot recognize the 
substrate (Himmah & Handayani 2012).
The effect of flavonoids on the α-amylase 
enzyme using enzymatic kinetic and fluorescence 
spectroscopy shows that flavonoids will 
form complexes with the α-amylase enzyme. 
Flavonoids will be bound to the α-amylase 
enzyme in a hydrophobic (Yuan et al. 2014). 
Flavonoids are also able to inhibit α-amylase 
activity because they have the ability to form 
quinones with 4-oxopyrane (Adisakwattana & 
Chanathong 2011). Flavonoids as antioxidants 
are able to prevent a decrease of β-pancreatic cells 
function progressively that caused by oxidative 
stress. Thus, it can reduce the occurrence of type 
2 diabetes and can prevent the complications of 
diabetes in the long term (Song et al. 2005).
Within this research, the amount of Total 
Dissolve Solid (TDS) in samples with different 
extractions was not exactly the same thus it can 
be consider as a weakness in our methodology. 
However, the difference is due to the fact that 
different extraction methods will also show 
different sample forms. Therefore, to minimize 
this case, the researchers weighed all extracts 
after the evaporation process before preparing the 
stock solutions. So that the Total Dissolve Solid 
(TDS) of the extracts in different methods could 
still be controlled.
CONCLUSION
Sundanese traditional salad (Lalapan) 
contains various bioactive compounds 
and identified as potentially rich source of 
antioxidants and antihyperglycemia. The results 
of phytochemical screening confirms the presence 
of polyphenols, saponins, tannins, and flavonoids 
in gandaria leaves, basil, pohpohan, and lettuce. 
Extraction methods have a significant effect on 
TPC, TFC, antioxidant activity, and inhibition of 
α-amylase enzymes. All maceration extracts have 
higher of TPC, TFC, antioxidants, and inhibition 
of α-amylase compared to traditional extracts. 
The leave extract with the highest TPC, TFC, 
antioxidants, and inhibition of α-amylase activity 
is gandaria leaves extract with maceration 
method. 
Based on the results of the research, further 
analysis is needed regarding bioactive compounds 
in Lalapan with different extraction methods 
using High Performance Liquid Chromatography 
(HPLC). Pra-clinical and clinical research is 
needed to determine the benefits of its bioactive 
Table 3.  α-amylase inhibitory activity of leaves
              extract
Leaves extract
IC50 (µg/ml)
Traditional Maceration
Acarbose (0.00045 µg/ml)**
Gandaria (B. macrophylla) 163a 60b
Basil (O. africanum) >1,000a 70b
Pohpohan (P. melastomoides) >1,000a 105b
Lettuce (L. sativa) >1,000a 117b
* Different letters (a-b) for each leaves are significantly different 
(p<0.05)
** Acarbose as positive control 
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compounds. Furthermore, Lalapan as source of 
antioxidant can be developed as vegetable-based 
functional food products for antihyperglycemia.
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